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%DFNJURXQG
([SDQVLYH VRLO LV IRXQG LQ PDQ\ ORFDWLRQV LQ ,QGRQHVLD HVSHFLDOO\ LQ DULG DUHDV VXFK DV:RQRJLUL 5HJHQF\
*XQXQJ.LGXO3XUZDGDGL5HJHQF\DQG&LNDPSHN,WFRYHUVPRUHWKDQRI,QGRQHVLDQDUHD>@,WVH[LVWHQFH
UHVXOWV LQGDPDJH WREXLOGLQJURDGDQGEULGJHVWUXFWXUHVGXH WR LWV ORZVKHDUVWUHQJWKDQGKLJKYROXPHFKDQJLQJ
7KHUHIRUH LPSURYHPHQW RI HQJLQHHULQJ FKDUDFWHULVWLFV RI WKLV VRLO LV H[WHQVLYHO\ LQYHVWLJDWHG DQG FRQWLQXRXVO\ LQ
SURJUHVV &HPHQW VWDELOL]HG H[SDQVLYH FOD\ IRU H[DPSOH KDV EHHQ DOUHDG\ GRQH E\ VRPH UHVHDUFKHUV >í@ 7KH
UHVXOWV LQGLFDWHG WKDWDGGLWLRQRIFHPHQWRQH[SDQVLYHVRLO LPSURYHVVKHDUVWUHQJWKDQGUHGXFHVYROXPHFKDQJLQJ
0RUHRYHUVWDELOL]DWLRQRIH[SDQVLYHFOD\ZLWKFHPHQWPL[HGZLWKIO\DVKULFHKXVNDVKDQGEDJDVVHDVKZDVGRQH
E\>í@7KHUHVXOWVDUHVLPLODUWRWKHSUHYLRXVUHVHDUFKWKDWLVSODVWLFLW\LQGH[DQGYROXPHFKDQJLQJGHFUHDVHDQG
VKHDUVWUHQJWKRIVWDELOL]HGVRLOLPSURYHV(YHQWKRXJKPXFKUHVHDUFKDERXWDGPL[WXUHVWRVWDELOL]HGH[SDQVLYHFOD\
KDVEHHQGRQHWKHILQGLQJRIQHZPDWHULDOVIRUDGPL[WXUHLVDOZD\VLQSURJUHVV
%DJDVVHDVKLVDILQHUHVLGXHFROOHFWHGIURPWKHEXUQLQJRIEDJDVVHLQVXJDUIDFWRU\7KHSURGXFWLRQRIEDJDVVH
DVK LV JURZLQJ DFFRUGLQJ WR SURGXFWLRQ RI VXJDU 5HVHDUFK DERXW XVLQJ RI EDJDVVH DVK LV FRQWLQXDOO\ SHUIRUPHG
%DJDVVHDVK LVDQRQFRKHVLYHPDWHULDOKDYLQJD ORZVSHFLILFJUDYLW\ WKDW LV UHODWLYHO\VPDOOHU WKDQ WKDWRIQRUPDO
VRLO :KHQ EXUQHG EDJDVVH DVK EHKDYHV DV SR]]RODQLF PDWHULDO DQG WKHUHIRUH LWV HQJLQHHULQJ EHKDYLRU FDQ EH
LPSURYHGE\DGGLWLRQRIFDOFLXPFDUELGHUHVLGXH&&5,WLVKD]DUGRXVZDVWHSURGXFHGIURPEXUQLQJDFHW\OHQH,W
FRQWDLQVKLJK&D2WKHQLWLVFRQVLGHUHGWREHDQDGPL[WXUHWRUHGXFHWKHSODVWLFLW\LQGH[H[SDQVLRQSRWHQWLDODVZHOO
DVLQFUHDVHVKHDUDQGFRPSUHVVLYHVWUHQJWKRIH[SDQVLYHVRLO
6WXGLHVDERXWWKHVKHDUVWUHQJWKEHKDYLRURIFDOFLXPFDUELGHUHVLGXHEDJDVVHDVKVWDELOL]HGVRLOVRIDUKDYHQRW
EHHQIRXQG\HW7KLVUHVHDUFKZDVWKHQXQGHUWDNHQWR LPSURYHWKHSK\VLFDODQGPHFKDQLFDOEHKDYLRURIH[SDQVLYH
VRLOVWDELOL]HGZLWK&&5DQG%$DQGLWZDVGRQHLQWZRVWHSV7KHILUVWVWHSZDVWKHLPSURYHPHQWRIWKHSK\VLFDO
DQGPHFKDQLFDO EHKDYLRU RI H[SDQVLYH FOD\ E\ DGGLQJ FDOFLXP FDUELGH UHVLGXH &&5 WR WKH RULJLQDO VRLO 7KHQ
VWDQGDUGFRPSDFWLRQDQGXQFRQILQHGFRPSUHVVLRQWHVWVZHUHFDUULHGRXWRQVRLO&&5EDJDVVHDVK%$7KH
YDULDWLRQLQ%$ZDVDQGDQGHDFKVSHFLPHQZDVFXUHGRQDQGGD\VRIFXULQJWLPH
/LWHUDWXUHUHYLHZ
&KHPLFDOVWDELOL]DWLRQE\FDOFLXPFDUELGHUHVLGXH&&5FHPHQWIO\DVK)$ULFHKXVNDVK5+$DQGEDJDVVH
DVK RU D FRPELQDWLRQ RI WKHP LV D SURYHQ WHFKQLTXH WR LPSURYH VRLO SHUIRUPDQFH 5HVHDUFK RQ XQGUDLQHG
FRPSUHVVLRQ WULD[LDO WHVW WR VWXG\ WKH HIIHFW RI FDOFLXP FDUELGH UHVLGXH RQ VKHDU VWUHQJWK RI H[SDQVLYH FOD\ZDV
FDUULHGRXWE\>@2EVHUYDWLRQDERXW WKHDGGLWLRQRIEDJDVVHDVKDORQHWRH[SDQVLYHFOD\ZDVGRQHE\>@7KH
UHVXOWLQGLFDWHGWKDWERWKWKHFRPSUHVVLYHDQGVKHDUVWUHQJWKRIH[SDQVLYHFOD\GLGQRWVLJQLILFDQWO\LQFUHDVH7KHXVH
RI &&5 DQG ULFH KXVN DVK 5+$ ZDV LQYHVWLJDWHG E\ >@ $ UDWLR RI  &&5  5+$ UHVXOWHG LQ
XQFRQILQHGFRPSUHVVLYHVWUHQJWKRI03DRQGD\VFXULQJ WLPHDQGRI03DRQGD\VFXULQJ WLPH
%DVHG RQ WKH UHVHDUFK FHPHQWDWLRQ PDWHULDO &&5 DQG 5+$ ZDV SRWHQWLDOO\ XVHG IRU KLJK VWUHQJWK FRQFUHWH
5HVHDUFKRIPLFURVWUXFWXUHRI&&5DQGJURXQGIO\DVK*)$E\XVLQJ6(0;5'DQG)7,5ZDVGRQHE\>@
&&5*)$UHVXOWHGIURPFDOFLXPVLOLFDWHK\GUDWH&6+LVLQWKHIRUPRI&D6L22+WKDWLVDOVRIRXQGRQ
)7,5DQDO\VLV7KH&6+ZDVREWDLQHGIURPDUHDFWLRQRI6L2DQG&D2+IURP&&5ZLWKFKHPLFDO UHDFWLRQ
VLPLODU WRSR]]RODQLFUHDFWLRQ7KHSUHVHQFHRI&6+LPSURYHGWKHFRPSUHVVLYHVWUHQJWKRISDVWD,QJHQHUDO WKH
FRPSUHVVLYHVWUHQJWKRIDOOVSHFLPHQVLPSURYHGZLWKWKHDGGLWLRQRIFXULQJWLPHDQGLWZDVDOPRVWFRQVWDQWDW
GD\V7KHXVHRI&&5DQGIO\DVK)$DVFRQFUHWHDGPL[WXUHZDVGRQHE\>@7KHUDWLRRI&&5DQGJURXQGIO\
DVK*)$WKDWZDVXVHGDVDQDGPL[WXUHIRUFHPHQWUHSODFHPHQWZDV7KHUHVXOWRIWKHUHVHDUFKLQGLFDWHG
WKDWZLWKRXWFHPHQWWKHQHZDGPL[WXUHWKHPL[RI&&5DQG*)$UHVXOWHGLQDQGP3DRQGD\VDQG
GD\V RI FXULQJ WLPH UHVSHFWLYHO\ &RQFUHWH ZLWK &&5*)$ DGPL[WXUH KDV D ORQJHU LQLWLDO DQG ILQDO VHWWLQJ WLPH
FRPSDUHGWRWKDWRIQRUPDOFRQFUHWH,QDGGLWLRQ&&5DQGIO\DVKFDQEHXVHGDVDQHZDGPL[WXUHIRUFRQFUHWHDQG
GHFUHDVHV WKHSURGXFWLRQRIFHPHQWDQGHQYLURQPHQWDOSROOXWLRQ ,QYHVWLJDWLRQDERXW WKHSRVVLELOLW\RIXVLQJ&&5
DQG)$ WR LPSURYH VKHDU VWUHQJWKRI VLOW\FOD\ZDVGRQHE\ >@0LFURPLQHUDO VWUXFWXUH H[DPLQDWLRQZDVGRQH
WKURXJK 6(0 ZKHUHDV VKHDU VWUHQJWK ZDV H[DPLQHG E\ SHUIRUPLQJ DQ XQFRQILQHG FRPSUHVVLRQ WHVW 7KH UHVXOW
VKRZHGWKDW WKHDGGLWLRQRI&&5GHFUHDVHV WKHVSHFLILFJUDYLW\SODVWLFLW\LQGH[0''DQG20&7KHFKDQJHVRI
VKHDU VWUHQJWKZDV VHSDUDWHGRQ WKUHH ]RQHV QDPHO\ WKH DFWLYH LQHUW DQGGHWHULRUDWLRQ ]RQH2Q WKH DFWLYH ]RQH
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VKHDUVWUHQJWK LPSURYHVGXH WR LQFUHDVHRI&&5IRUDOO UDWLRRI&&5)$7KHDGGLWLRQRI)$KRZHYHUGLGQRW
VLJQLILFDQWO\LPSURYHWKHVKHDUVWUHQJWKRIVWDELOL]HGVRLO
5HVHDUFKDERXWWKHHQJLQHHULQJSURSHUWLHVRI&&5VWDELOL]HGVLOW\FOD\ZDVGRQHE\>@,QWKHUHVHDUFKWKH&&5
FRQWHQWUHTXLUHGWRVWDELOL]HZDVGHWHUPLQHGE\&&5IL[DWLRQSRLQWWKDWLQGLFDWHVWKHFOD\¶VFDSDFLW\WRDEVRUE&D
DQGUHDFWZLWK&D2+3R]]RODQLFUHDFWLRQQHHGVWKHRSWLPXPPRLVWXUHFRQWHQWEHFDXVHPRLVWXUHFRQWHQWVORZHU
WKDQ20&DUHQRWHQRXJKWRSHUIRUPWKHUHDFWLRQ7KHUHVXOWVLQGLFDWHWKDW&&5VWDELOL]HGVRLOKDVDKLJKHUVKHDU
VWUHQJWK FRPSDUHG WR WKH VKHDU VWUHQJWK RI OLPH VWDELOL]HG VRLO 7KLV LV GXH WR WKH KLJKHU FRQWHQW RI SR]]RODQLF
PDWHULDORQ&&5ZKLFKLVDURXQG0RUHRYHUWKHXVHRI&&5DVDQDGPL[WXUHLVEHWWHUIURPDQHQJLQHHULQJ
HFRQRPLFDQGHQYLURQPHQWDOSRLQWRIYLHZ7KHXVHRI5+$DQG&&5WRLPSURYHXQFRQILQHGFRPSUHVVLRQVWUHQJWK
RI FOD\ZDV GRQH E\ >@ 6LPLODU UHVHDUFKZDV GRQH E\ > @5DWLR RI&&5 5+$ZHUH   DQG
KRZHYHUWKHSURSRVHGSDUDPHWHUZDVVSOLWWLQJWHQVLOHVWUHQJWK7KHUHVXOWVLQGLFDWHGWKDWFRPSRVLWLRQRI
&&55+$UHVXOWHGLQVSOLWWLQJWHQVLOHVWUHQJWKKLJKHUWKDQWKDWRIXQVWDELOL]HGVRLO
5HVHDUFKPHWKRGV
3.1. Property index 
7KHSURSHUW\LQGH[H[SHULPHQWXVHG$6706WDQGDUG''DQG',QWKLVH[SHULPHQWVRLO
VWDELOL]HGVDPSOHVZHUHSUHSDUHGDVIROORZVRULJLQDOVRLO&&5VRLO&&5VRLO&&5VRLO&&5
VRLO&&5DQGVRLO&&57KRVHVDPSOHVZHUHFXUHGIRUDQGGD\VWRH[DPLQHWKHFKDQJHRI
SURSHUW\LQGLFHV7DEOHVXPPDUL]HVWKHVDPSOHVWKDWZHUHH[DPLQHG
7DEOH6XPPDU\RIVDPSOHVIRUSURSHUW\LQGLFHVH[SHULPHQW
&&5FRQWHQW

&XULQJWLPHGD\
  
 &: &: &:
 &: &: &:
 &: &: &:
 &: &: &:
 &: &: &:
 &: &: &:
&[:\ VDPSOHZLWK&&5FRQWHQWRI[DQG\GD\VFXULQJWLPH
3.2. Compaction test  
7KHFRPSDFWLRQWHVWZDVXQGHUWDNHQXQGHUWZRFRQGLWLRQV7KHILUVWZDVIRUVRLO[&&5DORQHZLWK
DQGGD\VFXULQJWLPHDQGWKHVHFRQGIRUVRLO[&&5EDJDVVHDVKDQZLWKWKHVDPHFXULQJ
WLPHDVWKHSUHYLRXVRQH$VXPPDU\RIVDPSOHVFDQEHVHHQLQ7DEOH
3.3. Unconfined compression test  
7KH VWDQGDUG XVHG LQ WKLV H[SHULPHQW ZDV $670 ' DQG $$6+72 7 7KH SXUSRVH RI WKLV
H[SHULPHQWZDV WR ILQGXQFRQILQHGFRPSUHVVLRQVWUHQJWKRIRULJLQDODQGVWDELOL]HGVRLO7KH&&5FRQWHQWXVHG LQ
WKLV H[SHULPHQW ZDV WKH RQH WKDW UHVXOWHG LQ WKH PD[LPXP GHFUHDVH RI SODVWLFLW\ LQGH[ SRWHQWLDO DQG VZHOOLQJ
SUHVVXUHVDVZHOODVDFWLYLW\RIRULJLQDOVRLO[:KHUHDVWKHFRQWHQWRIEDJDVVHDVKZDVDQGZLWK
DQGGD\VFXULQJWLPH7KHVXPPDU\RIVDPSOHVWHVWHGRQXQFRQILQHGFRPSUHVVLRQLVWKHVDPHDVWKDW
RIWKHFRPSDFWLRQWHVW7DEOH
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7DEOH6XPPDU\RI&RPSDFWLRQVDPSOHV&&5 [
&XULQJWLPH
GD\V
%DJDVVH&RQWHQW
    
 :7 :7 :7 :7 :7
 :7 :7 :7 :7 :7
 :7 :7 :7 :7 :7
 :7 :7 :7 :7 :7
 :7 :7 :7 :7 :7
 :7 :7 :7 :7 :7
[&&5FRQWHQWUHVXOWLQJPD[LPXPGHFHDVHRISODVWLFLW\LQGH[SRWHQWLDODQGVZHOOLQJSUHVVXUH
:D7EVDPSOHZLWKDGD\FXULQJWLPHEDJDVVHDVKFRQWHQWEDQG;RI&&5
3.4. Direct shear test 
7KHVSHFLPHQVRIGLUHFWVKHDUWHVWZHUHFLUFXODUZLWKDGLDPHWHURIG FPDQGDWKLFNQHVVRIW FP
7ZR FRPELQDWLRQV ZHUH WHVWHG VRLO  &&5 ZLWK  GD\V FXULQJ WLPH &[:] DQG VRLO  &&5  EDJDVVH DVK
&[$\:]LQZKLFK[LVWKH&&5FRQWHQWUHVXOWLQJRQPD[LPXPGHFUHDVHRISODVWLFLW\LQGH[SRWHQWLDODQGVZHOOLQJ
SUHVVXUHRIRULJLQDOVRLO\LVWKHEDJDVVHDVKFRQWHQWUHVXOWLQJRQPD[LPXPXQFRQILQHGFRPSUHVVLRQVWUHQJWKDQG]
LVWKHFXULQJWLPHRIGD\V7KHQRUPDOVWUHVVZDVDQGN3D
5HVXOWVDQGGLVFXVVLRQ
4.1. Plasticity index and swelling potential 
7KHUHVXOWVRISODVWLFLW\LQGH[DQGVZHOOLQJSRWHQWLDOH[SHULPHQWFDQEHVHHQLQ7DEOH$PD[LPXPGHFUHDVHRI
WKRVHSDUDPHWHUVRFFXUUHGRQ&&5FRQWHQW DQG GD\V FXULQJ WLPH &&GXH WRRSWLPXP LRQ UHDFWLRQ LH
&DDQG0J LQ&&5 UHSODFH1DDQG.RQ H[SDQVLYH FOD\%HFDXVHRI WKLV SKHQRPHQRQ WKH VRLO LV VLIIHU
7KHUHIRUH WKH SODVWLFLW\ LQGH[ VZHOOLQJ SRWHQWLDO DVZHOO DV WKH VZHOOLQJ SUHVVXUH GHFUHDVH 7KH UHVXOW LV LQ JRRG
DJUHHPHQWZLWKWKHSUHYLRXVVWXG\E\>@
7DEOH5HVXOWRI3ODVWLFLW\,QGH[DQG6ZHOOLQJ3RWHQWLDO

&&5

,3
6ZHOOLQJ3RWHQWLDO 6ZHOOLQJSUHVVXUHN3D
>@ /DE >@ /DE
&:     
&:     
&:     
&:     
&:     
&:     
4.2. Compaction test 
&&5VWDELOL]HGVRLOFRPSDFWLRQWHVWZDVGRQHRQ&&5FRQWHQWDQGDQGGD\VFXULQJWLPH
7DEOH LV WKHUHVXOWRI WKLVH[SHULPHQW0D[LPXPGU\GHQVLW\ 0'' LPSURYHGSURSRUWLRQDOO\ WR WKH LQFUHDVHRI
FXULQJWLPH2QGD\VFXULQJWLPHWKHPD[LPXPLPSURYHPHQWRI0''RFFXUUHG7KLVLVGXHWRDQLRQWUDQVIHU
UHDFWLRQ WKDW UHVXOWHG LQ IORFFXODWLRQDJJORPHUDWLRQ FDXVLQJ WKHFKDQJHRISK\VLFDO DQGPHFKDQLFDOSURSHUWLHV ,Q
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DGGLWLRQRQGD\VFXULQJWLPHSR]]RODQLFUHDFWLRQLHIRUPDWLRQRI&6+DQG&$+VWDUWWRKDSSHQWKHQ0''
LPSURYHVVLJQLILFDQWO\
7DEOH5HVXOWRI&&5VWDELOL]HGVRLOFRPSDFWLRQ
&XULQJWLPHGD\V      
0''JUFF      
20&      
7KH&55%DJDVVHDVKVWDELOL]HGVRLOZDVGRQHZLWK&&5FRQWHQWDQGEDJDVVHDVKYDULDWLRQZDV
DQGZLWKGDQGD\VFXULQJWLPH7DEOHVXPPDUL]HVWKHUHVXOWRIWKHH[SHULPHQW:KHQEDJDVVH
DVKFRQWHQWLQFUHDVHG20&GHFUHDVHGSURSRUWLRQDOO\WRWKHLPSURYHPHQWRIEDJDVVHDVK7KLVLVGXHWREDJDVVHDVK
EHLQJQRWZDWHUDEVRUELQJ7KH0''KRZHYHULPSURYHVGXHWRLQFUHDVHRIWKHEDJDVVHDVKFRQWHQW$WEDJDVVH
DVKFRQWHQW WKHUH LV VLJQLILFDQW LPSURYHPHQW LQ0'' LQSDUWLFXODUDWGD\VFXULQJ WLPH3UHYLRXV UHVHDUFK >@
VWDWHGWKDWWKHRSWLPXPUDWLRRIEDJDVVHDVKFHPHQWRSWLPXPLVWKHUHIRUHWKLVUHVHDUFKZKLFKUHVXOWRQUDWLR
EDJDVVHDVK&&5LVLQJRRGDJUHHPHQWZLWKWKHSUHYLRXVRQH
7DEOH6XPPDU\RI&&5EDJDVVHDVKVWDELOL]HGVRLOFRPSDFWLRQ

&XULQJ
WLPHGD\V
&RQWHQWRIEDJDVVHDVK
    
Ȗ
N1P
ZRSW

Ȗ
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
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
Ȗ
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
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
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
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
Ȗ
N1P
ZRSW

          
          
          
          
          
          
4.3. Unconfined compression of CCR- bagasse ash stabilized soil
8QFRQILQHGFRPSUHVVLRQH[SHULPHQWRI&&5EDJDVVHDVKVWDELOL]HGVRLOZDVSHUIRUPHGRQ0''DQG20&
&&5DQGYDULRXVFRQWHQWRIEDJDVVHDVKDQG7KHVSHFLPHQZDVF\OLQGULFDOZLWKDGLDPHWHURI
FPDQGKHLJKWRIFP7KHVRLOVDPSOHZDVWKHQVWDWLFDOO\FRPSDFWHG7RREWDLQWKHSURSRVHGFRPSDFWLRQWKH
VWDELOL]HGVRLOZDVILOOHGLQWKHF\OLQGHUWKHQFRPSDFWHGRQWKUHHOD\HUV7DEOHVKRZVWKHUHVXOWRIWKHH[SHULPHQW
7DEOH5HVXOWRI8&6RI&&5EDJDVVHDVKVWDELOL]HGVRLO
&XULQJWLPH
GD\V
&RQWDLQRI%DJDVVH$VK
    
     
     
     
     
     
     
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,PSURYHPHQWRIXQFRQILQHGFRPSUHVVLRQVWUHQJWKZLWKUHVSHFWWRFXULQJWLPHRFFXUVRQEDJDVVHDVKFRQWHQW
KRZHYHULWLVQRWVLJQLILFDQW,WKDSSHQVVLJQLILFDQWO\RQEDJDVVHDVKFRQWHQWLQZKLFKXQFRQILQHGFRPSUHVVLRQ
VWUHQJWK ZLWKRXW FXULQJ WLPH LV  N3D DQG LW LPSURYHV PDUNHGO\ RQ  GD\V FXULQJ WLPH WKDW LV  N3D
6LPLODUO\LPSURYHPHQWKDSSHQVRQEDJDVVHDVKFRQWHQW+RZHYHUDQLPSURYHPHQWRIXQFRQILQHGFRPSUHVVLRQ
VWUHQJWK IURP  WR  EDJDVVH DVK FRQWHQW LV QRW VLJQLILFDQW :LWK UHVSHFW WR FXULQJ WLPH D VLJQLILFDQW
LPSURYHPHQWRIXQFRQILQHGFRPSUHVVLRQVWUHQJWKLVVKRZQRQWRGD\V$IWHUGD\VFXULQJWLPHWKHUHLVQR
VLJQLILFDQWLPSURYHPHQW)LJ


)LJ8&6RI&&5EDJDVVHDVKVWDELOL]HGVRLO
4.4. Direct shear test 
7KHUHVXOWRIGLUHFWVKHDUH[SHULPHQWRI&&5EDJDVVHDVKVWDELOL]HGVRLOZLWKUHVSHFWWRFXULQJWLPHLVJLYHQRQ
7DEOH:KHQFXULQJWLPHLQFUHDVHVFRKHVLRQLPSURYHVDQGLQWHUQDOIULFWLRQDQJOHGHFUHDVHV+RZHYHUWKHUHLVVWLOO
LPSURYHPHQWRIVKHDUVWUHVV7KRVHSKHQRPHQDRFFXUGXHWRWKHILUVWSR]]RODQLFUHDFWLRQLQZKLFKJHQHUDWHVFDOFLXP
VLOLFDWHK\GUDWH&6+DQGDOXPLQXPVLOLFDWHK\GUDWH&$+ZDVWRWDOO\FRPSOHWHGDQGWKHVHFRQGSR]]RODQLF
UHDFWLRQZKLFKJHQHUDWHVFDOFLXPDOXPLQXPVLOLFDWHK\GUDWH&6$+VWDUWVWRKDSSHQ
7DEOH5HVXOWRI'LUHFW6KHDU7HVW
6KHDU6WUHVV3DUDPHWHU &$: &$: &$:
&RKHVLRQFN3D   
,QWIULFWLRQDQJOHĳ2   

)LJV  DQG  VKRZ WKH YDULDWLRQ RI VKHDU VWUHVV DQG YHUWLFDO GLVSODFHPHQW ZLWK VKHDU GLVSODFHPHQW RI &&5
VWDELOL]HGDQG&&5EDJDVVHDVK VWDELOL]HGVRLO VSHFLPHQV7KH VKHDU VWUHVVGLVSODFHPHQWEHKDYLRUZDV LQIOXHQFHG
PDUNHGO\E\EDJDVVHDVKDGPL[WXUH:KLOHVRLOVSHFLPHQVZLWKRXWEDJDVVHDVKUHDFKHGWKHLUIDLOXUHVKHDUVWUHVVDW
GLVSODFHPHQW DURXQG PP WKH FRUUHVSRQGLQJ GLVSODFHPHQW RQ&&5EDJDVVH DVK VWDELOL]HG VRLO VSHFLPHQVZHUH
JHQHUDOO\JUHDWHUWKDQPP7KLVLVHYLGHQFHWKDWWKHDGGLWLRQRIEDJDVVHDVKLPSURYHVWKHGXFWLOLW\
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
)LJ6KHDUVWUHVV6KHDUGLVSODFHPHQWRI&:DQG&$:

)LJ9HUWLFDOGLVSODFHPHQW6KHDUGLVSODFHPHQWRI&:DQG&$:
&RQFOXVLRQ
$QH[SHULPHQWDOSURJUDPZDVSHUIRUPHGWRLQYHVWLJDWHWKHHIIHFWRIFDOFLXPFDUELGHUHVLGXH&&5DQGEDJDVVH
DVKRQVKHDUVWUHQJWKDQGRWKHUJHRWHFKQLFDOFKDUDFWHULVWLFVRIH[SDQVLYHVRLO7KHH[SHULPHQWZDVFRQGXFWHGRQVRLO
&&5DQGVRLO&&5EDJDVVHDVKZLWKDQGGD\VFXULQJWLPH&RQGXFWHGH[SHULPHQWZHUHLQGH[
SURSHUWLHVFRPSDFWLRQWHVWXQFRQILQHGFRPSUHVVLRQWHVWDQGGLUHFWVKHDUWHVW7KHIROORZLQJFRQFOXVLRQVDUHGUDZQ
IURPWKHVWXG\
x 7KHDGGLWLRQRIFDOFLXPFDUELGHUHVLGXH&&5VLJQLILFDQWO\GHFUHDVHVWKHSODVWLFLW\LQGH[VZHOOLQJDQG
SUHVVXUHSRWHQWLDORI&&5VWDELOL]HGVRLO
x 7KH&&5VWDELOL]HGVRLOFRPSDFWLRQWHVWLQGLFDWHVWKDWPD[LPXPGU\GHQVLW\0''LPSURYHVSURSRUWLRQDOO\WR
WKHLQFUHDVHRIFXULQJWLPHDQGPD[LPXPLPSURYHPHQWRFFXUUHGRQGD\V
x 7KHDGGLWLRQRIEDJDVVHDVKWR&&5EDJDVVHDVKVWDELOL]HGVRLOVLJQLILFDQWO\LPSURYHG0''HVSHFLDOO\RQ
GD\VFXULQJWLPH
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x 6LJQLILFDQWLPSURYHPHQWRIXQFRQILQHGFRPSUHVVLRQVWUHQJWKRI&&5EDJDVVHDVKVWDELOL]HGVRLOVSHFLPHQV
RFFXUUHGRQEDJDVVHDVKDQGGD\VFXULQJWLPH$QLQFUHDVHRIXQFRQILQHGFRPSUHVVLRQVWUHQJWKVWLOO
RFFXUUHGRQGD\VFXULQJWLPHKRZHYHULWZDVQRWVLJQLILFDQW
x ,QGLUHFWVKHDUWHVWVWKHEDJDVVHDVKLQFUHDVHWKHIDLOXUHGLVSODFHPHQWDQGWKHYHUWLFDOGLVSODFHPHQWRI&&5
VWDELOL]HGVRLOFRPSDFWHGRQ0''±20&VWDWH,QDGGLWLRQLWLQFUHDVHVGXFWLOLW\WKHEHKDYLRURI&&5VRLO
VSHFLPHQV
$FNQRZOHGJHPHQW
7KHZULWHUVDUHJUDWHIXO IRU WKH ILQDQFLDOVXSSRUW IURP0LQLVWU\RI5HVHDUFKDQG+LJKHU(GXFDWLRQ5HSXEOLFRI
,QGRQHVLD IRU WKLV UHVHDUFK WKURXJK &RPSHWLWLYH 5HVHDUFK *UDQW 7KH\ DUH DOVR WKDQNIXO WR 0DGXNLVPR 6XJDU
)DFWRU\IRUSURYLGLQJWKHEDJDVVHDVKWRFRPSOHWHWKLVUHVHDUFK
5HIHUHQFHV
>@ :LERZR6<³3HULODNX6LIDW)LVLNGDQ.HWHNQLNDQ7DQDK(NVSDQVLIGLGDHUDK0DMDOHQJND-DZD%DUDW´Jurnal Riset Geologi dan 
Pertambangan9RO1R
>@ ,GUXV³6WDELOLVDVLSDGDOHPSXQJ/RVDULGHQJDQNDSXUGDQVHPHQ´0DVWHU7HVLV,QVWLWXW7HNQRORJL%DQGXQJ
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´6WDELOL]DWLRQRI6RXWK7H[DVVRLOVZLWKFHPHQW´&HPHQWIRU6RLO,PSURYHPHQW$6&(1HZ<RUN
SS±
>@ 7UDQVSRUWDWLRQ5HVHDUFK%RDUG´6WDWHRIWKH$UW&HPHQW6WDELOL]DWLRQUHDFWLRQSURSHUWLHVGHVLJQDQGFRQVWUXFWLRQ´7UDQVSRUWDWLRQ
5HVHDUFK&LUFXODU:DVKLQJWRQ
>@ +DWPRNR -RKQ 7	 /XOLH <   ³8&6 7DQDK /HPSXQJ (NVSDQVLI \DQJ GL VWDELOLVDVL GHQJDQ$EX$PSDV 7HEX GDQ 6HPHQU´
/DSRUDQ3HQHOLWLDQ8QLYHUVLWDV$WPD-D\D<RJ\DNDUWD
>@ +DWPRNR-7	/XOLH<³3HULODNX7DQDK/HPSXQJ(NVSDQVLI\DQJGLVWDELOLVDVLGHQJDQ$EX$PSDVWHEX	6HPHQGLGDODPDODW
XML7ULDNVLDO´/DSRUDQ3HQHOLWLDQ8QLYHUVLWDV$WPD-D\D<RJ\DNDUWD
>@ &RQVROL1&´%HKDYLRURIH[SDQVLYHVRLOIO\DVKFHPHQWPL[WXUH´-RXUQDORI*HRWHFKQLFDODQG*HRHQYLURQPHQWDO(QJLQHHULQJ
9RO1R
>@ 0LW]FKHOO-.´7KHSURSHUWLHV&HPHQWIO\DVK±VWDELOL]HGVRLO³3URFHHGLQJRI5HVLGHQWLDO:RUNVKRSRQ0DWHULDODQG0HWKRGVIRU
/RZ&RVW5RDG5DLODQG5HFODPDWLRQ:RUNV/HXUD$XVWUDOLD6HSWHPEHU
>@ 'LDQH&K³6WDELOLVDVLWDQDKHNVSDQVLIGHQJDQ6HPHQGDQ$EX6HNDP3DGL´6NULSVL6DUMDQD8QLYHUVLWDV$WPD-D\D<RJ\DNDUWD
>@+DWPRNR -7 GDQ /XOLH< ´ 3HULODNX JHVHU WDQDK HNVSDQVLI \DQJ GLVWDELOLVDVL GHQJDQ OLPEDK NDUELG´ /DSRUDQ 6WXGL /HPEDJD
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